bone is considered the ''gold standard'' treatment compared with other options because it has osteogenic, osteoconductive, and osteoinductive properties; it is nonimmunogenic; and it does not confer the risk of spreading transmissible infections. The complications reported with autogenous bone-graft harvest sites [1] [2] [3] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] as well as the availability and reported efficacy of bone-graft substitutes and recombinant bone morphogenetic proteins (BMPs) 19, 20 have influenced the choice of graft source for many surgeons.
The existing literature may be difficult to apply to the treatment of orthopaedic trauma patients because of differences in harvest sites, techniques, and volumes of bone graft harvested for a variety of indications 3, 6, 7, 10, 12 . The prevalence of complications associated with iliac crest bone-graft donor sites has varied widely and has been reported to be as high as 49% 10 .
To our knowledge, a large prospective study of orthopaedic trauma reconstruction patients undergoing anterior iliac crest bone-graft harvesting has not been reported, and data regarding the effects of such harvesting on functional outcomes and general health status are limited 2, 9 . The present prospective study was conducted to determine the prevalence of pain and other complications at the iliac crest donor site in orthopaedic trauma reconstruction patients. Donorsite pain scores following two surgical techniques for harvesting iliac crest bone were compared. Additionally, the effect of donor-site harvesting on outcomes was assessed by comparing functional outcome and quality-of-life measures with those of a control group of patients who underwent similar operative procedures without autogenous iliac crest bone-graft harvesting. The study hypotheses were that (1) the prevalence of chronic pain at the iliac crest donor site is lower than the previously reported 25% 10 , (2) the overall complication rate at the iliac crest donor site in this population is lower than previously reported, (3) the surgical technique affects postoperative pain scores at the iliac crest donor site, and (4) functional outcomes and quality of life are similar between patients undergoing iliac crest bone-grafting compared with other treatments for fracture nonunion.
Materials and Methods
N inety-two consecutive orthopaedic trauma reconstruction patients undergoing bone-graft harvesting from the anterior iliac crest for nonunion or delayed union of a long-bone fracture at a single center between January 1, 2007, and October 30, 2009 , were prospectively enrolled in an institutional review board-approved study. All patients were eighteen years of age or older. Patients were excluded if they had had a prior iliac crest bone graft or if there were multiple sites of graft harvesting. Twenty-seven consecutive patients undergoing surgical treatment of nonunion without iliac crest bone-grafting were also prospectively enrolled and followed over the same time period.
Patients
Sixty-one of the ninety-two patients in the iliac crest bone graft group were male and thirty-one were female. The mean age was forty-one years (range, eighteen to seventy-one years). Five patients (5%) were diabetic and twenty-seven (29%) smoked. The mean body mass index (BMI) was 28 kg/m 2 (range, 16 to 43 kg/m 2 ). The demographics of the control group were similar to those of the iliac crest group (Table I) . The decision regarding the method of nonunion treatment (iliac crest bone graft, BMP, or another method) was made at the surgeon's discretion.
Operative Techniques
All autografts were cancellous or corticocancellous; there were no structural tricortical grafts. Autograft was harvested from the anterior iliac crest either by a trap door method (n = 55) 11 or by removing a window of cortical bone from the inner table of the ilium (n = 37). In the trap door method, two small vertical osteotomies are connected by a horizontal osteotomy just lateral to the intact medial soft-tissue hinge; the periosteum and fascial attachments of the abdominal wall muscles and iliacus are left intact. The crest is then hinged open like a trap door to access the cancellous bone between the inner and outer tables of the ilium (see Appendix). The trap door is sutured closed after the desired graft has been harvested. When using the inner table harvesting technique, the interval between the abductors and abdominal muscles is entered, and careful elevation of the abdominal wall muscles off the iliac crest and of the iliacus muscle off the inner table of the ilium is performed. A window of cortical bone is then removed in strips from the inner table with an osteotome to access the cancellous bone of the ilium (see Appendix). The incision is closed in layers. With both techniques, the incision is started 1 to 2 cm posterior to the anterior superior iliac spine, to avoid the lateral femoral cutaneous nerve, and is extended along the crest.
Follow-up
Information from the operative record, including the technique of bone graft harvesting, was prospectively entered into a database. All complications related to the donor site were recorded prospectively. Questionnaires containing visual analog scale (VAS) measures of pain at the donor site and of satisfaction with the cosmesis of the donor site were completed by patients during follow-up visits at two weeks, six weeks, three months, and one year or more postoperatively. VAS pain responses were recorded on a scale of 0 to 10, with a score of 0 representing no pain and 10 indicating the worst pain possible. A score of 0 to 3 was considered to represent mild pain; >3 to 7, moderate pain; and >7, severe pain 21 . VAS cosmesis scores were also recorded on a scale of 0 to 10, with 0 indicating complete dissatisfaction with the scar appearance and 10 indicating complete satisfaction. The questionnaires also asked patients to record any sensory changes at the donor site and surrounding area with use of a diagram. Patients in both groups completed the Short Form-36 (SF-36) questionnaire 22 at enrollment and at the time of final follow-up, one year or more postoperatively. Patients who did not return for follow-up as scheduled were mailed the questionnaires or were interviewed by telephone. In the iliac crest group, follow-up data were obtained for eighty-three patients (90%) at two weeks postoperatively, seventy-six (83%) at six weeks, eighty-three (90%) at three months, and seventy-five (82%) at the time of final follow-up, which occurred at a mean of twenty-two months (range, twelve to forty-eight months) after the iliac crest bone-grafting was performed. Attrition analyses demonstrated that there were no significant differences in measured baseline characteristics between the patients who completed the follow-up and those who were lost to follow-up.
The SF-36 is a commonly used measure of self-reported general health status and assessment of function. It allows for comparison between individuals with the same condition as well as comparison with the general population. Subscale scores measure various domains of health and quality of life, and the physical and mental component summary scores represent the primary dimensions of health. The physical and mental component summary scores can range from 0 to 100 points and are standardized to population norms, with the mean score in the general population equaling 50 points and one standard deviation equaling 10 points 22 . A higher score indicates better function. The SF-36 questionnaire was completed at the time of enrollment by seventy-six patients in the iliac crest group and twenty-four in the control group. The SF-36 questionnaire was then completed again at the time of final follow-up by fifty-four patients (71% of those who completed the SF-36 at enrollment) in the iliac crest group and twenty-two (92%) in the control group (overall SF-36 follow-up, 76%).
A VAS instrument is commonly used to assess pain, and both the SF-36 and VAS pain have been used as outcome measures in trauma reconstruction patients 23 . The SF-36 is a general measure of health-related quality of life, and its sensitivity to detect small functional differences in this population has not been proven. Nevertheless, the SF-36 is a valuable tool for assessing general health and overall quality-of-life outcomes.
Statistical Analysis
Repeated-measures analysis of variance and Cochran Q tests were used to determine whether VAS and percentage values, respectively, differed among the four time points. The Student t test was used to compare demographics, SF-36 scores, and donor-site pain scores according to surgical technique at each time interval.
Source of Funding
Funding for the study was provided by the Charlotte Mecklenburg Health Services Foundation.
Results

Pain
T he mean VAS pain score at the iliac crest harvest site declined significantly over the follow-up period to 0.3 (on a scale of 0 to 10) at the time of final follow-up (p < 0.001). The percentage of patients with a score of >3 (at least a moderate level of pain) also decreased over time (p < 0.001) (Table II) . By three months postoperatively, only one patient (1%) had a VAS pain score of >5 on a scale of 0 to 10, and the mean score was 0.9. We were unable to detect a significant difference in the VAS pain score between the two surgical techniques at any time interval (see Appendix).
Infection
There were three deep donor-site infections (3%), which were successfully treated with irrigation, debridement, and antibiotic treatment. All three of these patients had known risk factors for wound complications [24] [25] [26] [27] . One patient was diabetic and had a BMI of 35 kg/m 2 , the second was a smoker and had a BMI of 45 kg/m 2 , and the third was a smoker and had not received preoperative intravenous antibiotics. The latter patient had a history of an infected nonunion, and antibiotics were delayed to reduce the chance of obtaining a false-negative culture at the recipient nonunion site. Cultures of tissue from the recipient site at the time of bone-grafting were negative, and the microorganism previously identified at the site of the nonunion was a coagulase-negative Staphylococcus, which was different from the bacterium involved in the iliac crest infection.
The infection was caused by methicillin-sensitive Staphylococcus aureus (MSSA) in two patients and by methicillinresistant Staphylococcus aureus (MRSA) in the remaining patient (see Appendix). A single irrigation and debridement of the wound was performed in two patients, and a planned second irrigation was performed two days after the initial debridement in the remaining patient. A six to ten-week course of intravenous antibiotics was administered through a peripherally inserted central catheter (PICC) line, and one patient received oral antibiotics for an additional four months. There were no signs of persistent infection at the time of final follow-up. The final outcomes for these three patients were not statistically different from those of the patients whose course was not complicated by infection. No cases of superficial infection were reported.
Sensory Changes
No patients had documented permanent loss of sensation in the lateral femoral cutaneous nerve distribution. Seven patients (8%) had some alteration of sensation in the lateral femoral cutaneous nerve distribution at the initial postoperative visit, which resolved completely by three months postoperatively in six patients. The remaining patient was lost to follow-up. In addition, the percentage of patients with any type of sensory changes at the site of the incision decreased from 53% at two weeks postoperatively to 10% at one year after surgery (p < 0.001) (Table II) .
Miscellaneous Complications
No arterial injury, herniation, pelvic instability, fracture, or other complications occurred at the donor site.
Functional Health and Well-Being SF-36 scores in the iliac crest group improved significantly from the time of enrollment until the final follow-up visit for seven of the eight subscales and both of the summary scores; there was no significant difference for the general health subscale. SF-36 scores in the control group improved significantly for three of the eight subscales and the physical component summary score (see Appendix). Although none of the SF-36 subscales or summary scores had differed significantly between the iliac crest and control groups at the time of enrollment, the score on the bodily pain subscale was significantly higher (better) in the iliac crest group than in the control group at the time of final follow-up (p = 0.020) (see Appendix). The effect of the bone-graft harvesting procedure on function and overall well-being was also assessed by comparing the SF-36 scores between the subset of patients in each group who achieved union. The postoperative SF-36 scores in these patients did not differ significantly between the iliac crest and control groups (see Appendix).
Discussion
I
liac crest bone graft has traditionally been recognized as the gold standard among bone-graft options for the treatment of fracture nonunion. It is osteogenic, osteoinductive, osteoconductive, and confers no risk of immunogenicity or infection transmission. Despite these advantages over alternative graft options, concerns regarding donor-site morbidity may influence the decision to obtain bone graft from the iliac crest.
Summers and Eisenstein reported a 25% prevalence of substantial, chronic donor-site pain in a retrospective series of patients undergoing lumbar fusion in which large blocks of corticocancellous bone were harvested as structural grafts 10 . However, complication data for this type of bone graft may not be applicable to patients undergoing treatment of fracture nonunion with a cancellous or corticocancellous graft. In addition, it may be difficult to differentiate donor-site from recipient-site pain in patients undergoing lumbar spine fusion because of the proximity of the donor and recipient sites 28 . Several other retrospective studies have evaluated iliac crest donor-site morbidity 1, [5] [6] [7] [8] 10, 29 . The most frequently cited paper in the history of the Journal of Orthopaedic Trauma is a retrospective review of 243 autogenous bone grafts performed with a variety of donor sites in a heterogeneous patient population by many surgeons from multiple specialties 30 . In this oft-cited article, the overall major complication rate was reported to be 8.6%, and the minor complication rate was 20.6%. The present study contributes prospectively acquired data on morbidity at the donor site in orthopaedic trauma reconstruction patients undergoing anterior iliac crest bone-grafting.
The reported prevalence of pain lasting more than three months following anterior iliac crest bone-grafting has been variable. DeOrio and Farber reported that four (3%) of 128 patients in their retrospective survey had pain for more than seven months 5 . Silber et al. performed a retrospective survey involving mailed questionnaires and telephone interviews. Thirty-five (26%) of 134 patients in their series reported pain at the donor site, with a mean VAS score of 3.8 (on a scale of 0 to 10) in these patients at a mean of four years postoperatively 8 . Ahlmann et al. sent a questionnaire asking patients to retrospectively grade the severity of donor-site pain. Transient pain was reported by 5% of patients, and only one patient (2%) reported residual pain lasting more than six months after anterior iliac crest bone-grafting 6 . Westrich et al. reported a 2% prevalence of moderate pain in a series of 170 patients undergoing harvesting of tricortical corticocancellous grafts or grafts obtained by a trap door technique 1 . Summers and Eisenstein reported substantial chronic pain in 25% of patients and an acceptable amount of pain in an additional 24% 10 . In the present series, moderate donor-site pain was present in only two patients (2%) at twelve months or more postoperatively. A comparison of our two harvesting techniques did not demonstrate a significant effect on the VAS pain score.
The reported prevalence of deep infection following harvesting of iliac crest bone graft has varied from 0% to 7.5% 1, 5, 6, 29 .
In the present series, the prevalence of deep infection requiring irrigation, debridement, and antibiotics was 3%, which was within the range of previously reported values. All three deep infections in the present series occurred in patients with known risk factors for wound complications [24] [25] [26] [27] . These infections were all successfully treated with surgical debridement and a course of antibiotics, with no effect on long-term results.
Sensory changes may occur after harvesting of iliac crest bone graft. An anterior approach may result in lateral femoral cutaneous nerve symptoms 7, 10, 11 , whereas a posterior approach is associated with potential injury to the superior cluneal nerves 12 . Ahlmann et al. reported that 8% of patients had transient sensory disturbances in the lateral femoral cutaneous nerve distribution, and 5% had residual symptoms persisting for six months or more postoperatively 6 . Use of an anterior approach in the present series resulted in an 8% prevalence of transient paresthesias in the lateral femoral cutaneous nerve distribution, which resolved by three months postoperatively. In addition, one of the most common complications after iliac crest bone harvesting is chronic alteration in skin sensation over the incision 7 . Silber et al. reported that twenty-one patients (16%) had abnormal sensations at the donor site and 5% reported discomfort with clothing 8 . Only 10% of patients in the present series reported any degree of alteration in skin sensation at the iliac crest incision at one year postoperatively.
Satisfaction with donor-site cosmesis was high in the present series. The mean VAS score for donor-site cosmesis was >9 on a scale of 0 to 10 at the most recent follow-up, indicating a high degree of satisfaction. This score also increased significantly over the duration of the study. Silber et al. reported a 93% satisfaction with the cosmetic result 8 . Cosmetic defects are likely more commonly related to the harvest of structural grafts that involve removal of the superior pelvic brim. The additional scar associated with harvesting of a nonstructural autograft from the anterior iliac crest appears to be well tolerated.
Several rare but severe complications have also been reported after iliac crest bone graft harvesting. These include arterial injury 15 , abdominal herniation 17 , pelvic instability 14 , and fracture 6, 13, 16 . These complications are more often reported following the harvesting of large structural grafts. None of these rare complications occurred in the present series.
Although the iliac crest and control groups were not randomized, the SF-36 scores and other demographics at the time of enrollment were similar. The number of SF-36 subscale scores that had improved significantly at more than one year postoperatively was greater in the iliac crest group than in the control group. The SF-36 bodily pain subscale score at the time of final follow-up was significantly higher (indicating a lower level of overall bodily pain) in the iliac crest group than in the control group. The data indicated that harvesting bone graft from the anterior iliac crest did not negatively impact functional outcomes compared with alternative treatments.
The findings of this study are limited to patients undergoing anterior iliac crest bone-grafting using either a trap door technique or a technique utilizing a cortical window in the inner table of the ilium. Donor-site morbidity may vary depending on the harvest site, technique, and volume of bone graft harvested, so the findings are not universally applicable to patients undergoing autogenous bone-grafting. Although the SF-36 and VAS pain are validated outcome measures, the SF-36 is a general measure of health-related quality of life, and its sensitivity to detect small functional differences in this population has not been proven. The effects of both the bone-graft harvesting and the nonunion being treated contributed to the final outcome measured by the SF-36. The present study included no attempt to measure the efficacy of iliac crest bonegrafting compared with other treatments for nonunion. Finally, the clinical importance of pain in the early postoperative period (as reflected in the mean VAS pain score of 4 at two weeks) is not known.
In conclusion, substantial persistent pain at the iliac crest donor site was rare, and iliac crest bone-grafting did not appear to impair general well-being compared with alternative treatments for long-bone fracture nonunion.
